The Arrhenius activation energy for water permeability, (AEa,H,O) through stem cortical tissue of red osier dogwood (Cornus sericea L.) was determined after treatments which cause membrane rupture as well as after a lethal slow freeze and subsequent slow rewarming. The latter value was higher than the former, but was indistinguishable from the AEI,H,O found for healthy tissue. It was concluded that membrane permeability to water is not altered during the first 24 to 48 hours after exposure of nonacclimated red osier dogwood to lethal freeze dehydration injury.
nonacclimated red osier dogwood to lethal freeze dehydration injury.
The most common form of freezing injury, freeze-dehydration injury (11) , causes membrane damage as manifested by alterations in permeability properties (3, 8, 12, 15, 17) . The suggestion has been made that inactivation of membrane proteins is responsible for freeze-dehydration injury (11, 17) , but arguments have been marshalled against this hypothesis (8) . Integrity of the lipid bilayer in plant cell membranes during freeze-dehydration could be lost if irreversible denaturation of membrane proteins leads to loss of membrane elasticity (1 1) . Such rupture of the plasma membrane would reduce the barrier to water efflux from the cell to that of self-diffusion of water.
Lethal freeze-dehydration injury does not cause an initial change in water permeability of onion epidermal cells (15) (16) (17) . This has also been reported for cold-acclimated winter wheat (3) , but in the same study it was found that tender winter wheat plants exposed to slow cooling suffered the same increase in rate of water permeability as when submerged in liquid N2. There exists evidence based on water permeability measurements both for and against rupture of the membrane lipid bilayer as a factor in freezedehydration injury.
Here, we present evidence concerning the effect of lethal freezedehydration on one function of cell membranes in red osier dogwood stem cortical tissue. We have measured the temperature sensitivity of the rate of THO2 efflux from stem cortical tissue of non-cold-acclimated dogwood, expressing our results as AEa,H,O, the Arrhenius activation energy for water permeability. between bath fluid and stem sections. As the plastic bag containing the stem sections was lowered into the bath fluid, air in the bags was allowed to exit at the top; thus only a thin plastic sheet separated the stem sections from the bath fluid. After being held at -8 or -9 C for 1 h, the stem sections were placed in a +1 C chamber overnight. Killing temperature determinations were carried out using the method of temperature decrease described above. Assessing injury by the visual browning method showed the killing temperature of nonacclimated dogwoods to be -5 C, in good agreement with previous determinations (2, 5-7, 13). Vital staining, using neutral red, and use of the plasmolysis method both showed that nonacclimated dogwood stem cortical tissue was killed by a slow freeze to -5 C, regardless of whether it was detached from the rest of the stem before or after undergoing the slow freeze. The neutral red staining technique gave 83% cell damage at -5 C; testing for ability of cells to plasmolyze on exposure to 1.0 M CaCl2 for 20-25 min gave 96% cell damage at -5 C. Application of these same tests to tissue frozen to -8.5 C gave 94 and 99% cell damage, respectively. At both -5 and -8.5 C there was no gradation of per cent cell damage from the outer to the inner cell layers of the stem cortical tissue.
MATERIALS AND METHODS
Killing by rapid freezing was done by placing either an intact stem section or a piece of stem cortical tissue in a flask of liquid N2 for 5 values were based on the temperature sensitivity of the slow exchange rate constant which is the slope of the solid line in Figure 1 . Correlation coefficients for such plots were in no case less than 0.99. Table I contains activation energies for water permeability through dogwood stem cortical tissue, calculated from the slope of Arrhenius plots such as shown in Figure 1 (inset) Inset is a semilog plot of the rate constants versus T-', the temperatures at which they were determined. Slope yields AE.,H20. (9) . Wilson and Rinne (22) reported that freezing and thawing of developing soybean cotyledons produces large changes in phospholipid content within hours of freezing, and Yoshida and Sakai (23) found similar behavior in poplar cortical tissue. Such changes imply that one of the initial manifestations of freezing injury could well be a loss in membrane resistance to water efflux. The close agreement we find between AEa values for water efflux through living dogwood stem cortical tissue and tissue which has been slowly frozen to -9 C, well below the killing temperature, and slowly thawed at + 1 C, indicates that slow freezing and thawing do not cause measurable damage to that facet of membrane function which regulates water permeability in dogwood. Although the damage produced by a slow freeze to -9 C is lethal, resulting in ultimate death of all nonacclimated dogwood plants so treated, such treatment leaves membrane resistance to water permeation unchanged. Metabolic changes occurring subsequent to this freeze injury may eventually lead to a deterioration of this membrane function, but our results indicate that in nonacclimated dogwood such deterioration does not occur during the first 2 days following the injury.
LGED DOGWOOD CELLS 501 Permeability of onion bulb cells to water and nonelectrolytes such as urea and N-methyl urea is likewise unaffected by slowly freezing to -11 C when the measurement is performed soon after this lethal treatment (16, 17) . Only after the cells died, several days after the freeze, did the water permeability increase (15, 17) . Similar results have been reported for crowns of "Kharkov MC22" winter wheat which had been acclimated for 7 weeks and then subjected to a slow (2 C/h) freeze to below the killing temperature (3) . However, such treatment when applied to nonacclimated and 1-week-acclimated crowns resulted in changes in water permeability analogous to these produced by rapid freezing in liquid N2.
Thus, although our finding has precedent, it cannot be generalized to include all plants.
